Developmental and environmental regulation of pea legumin genes in transgenic tobacco.
Two distinct legumin genes (LegA1 and LegA2) which encode a major class of seed storage protein in pea were isolated from a genomic library. The cloned fragments were introduced into tobacco via Agrobacterium-mediated transformation and the regenerated plants were used to study the expression characteristics of the genes in a heterologous host. It was found that both LegA1 and LegA2 were functional members of the pea legumin gene family and that their expression was similar in both pea and transgenic tobacco. Legumin was detected only in the seed of tobacco where the primary translation products were processed in a manner analogous to that which occurs in pea. Legumin gene expression was also shown to be temporally regulated during seed development. Legumin polypeptides and mRNA began to accumulate 16 days after flowering (DAF), in contrast to the endogenous tobacco storage proteins which were apparent at 13 DAF. It was also demonstrated that the legumin genes in tobacco were environmentally regulated to the nutritional status of the plant. As has been previously shown in pea, legumin accumulation in transgenic tobacco seed was progressively reduced when the plants were grown under conditions of increasing severity of sulphur-nutrient stress. The reduced accumulation of protein was correlated with lower levels of legumin mRNA in the developing seed. Despite encoding nearly identical subunits, nucleotide sequence data for LegA1 and LegA2 showed that the similarity of their respective 5'-flanking regions was restricted to several short elements mostly within 240 bp from the start of transcription. However, a deletion series using the LegA1 gene demonstrated that 237 bp of 5'-flanking sequence was insufficient to permit the expression of the legumin gene in tobacco. The data indicated that an as yet unidentified sequence element(s) located between positions -668 and -237 was essential in re-establishing the high level of regulated gene expression observed with the full-length LegA1 gene.